Abstract This work aimed to study the capability of INAA absolute method in determining the elemental concentration of 238 U and 232 Th in the rock samples. The INAA absolute method was implemented in PUSPATI TRIGA Mark II research reactor, Malaysian Nuclear Agency (NM). The accuracy of INAA absolute method was performed by analyzing the IAEA certified reference material (CRM) Soil-7. The analytical results showed the deviations between experimental and certified values were mostly less than 10 % with Z-score in most cases less than 1. In general, the results of analysed CRM Soil-7 show a good agreement between certified and experimental results which mean that the INAA absolute method can be used accurately for elemental analysis of uranium and thorium in various types of samples. 
Introduction

Analyses of
238 U and 232 Th in different samples using neutron activation analysis are in high demand in NAA laboratory. Generally, there are three approaches in doing INAA: relative method, k 0 -standardization method (single comparator), and absolute method. INAA relative and k 0 methods are a major methods used for determining 238 U and 232 Th. The main drawbacks of the relative method is the requirement to prepare standards for each element to be determined. Estimation of errors may occur during the manipulation of the standard that are cumbersome and tedious to analyze. Compared to the relative method, the technique of k 0 -INAA is experimentally simpler but more complex in the formulation and calculations as well as computational programming. This technique requires experts to interpret the spectrum of selected elements in the sample, which are difficult to do [1, 2] . On the other hand, INAA based on absolute method is a more direct analysis of the irradiated samples without using any standard as in the case of INAA relative method or comparator as in k 0 -INAA [3] . Therefore, This study aimed to determine the concentration of 238 U and 232 Th in different rock types by using the instrumental neutron activation analysis absolute method. Also, study the accuracy of INAA absolute method by using certified reference material (CRM) Soil-7. Moreover, the INAA relative method was used in this study for comparison the results obtained by absolute method.
To determine the elemental concentration in unknown samples by using INAA absolute method it is necessary to calibrate the neutron spectrum parameters in the irradiation facility, i.e., the determination of the epithermal neutron flux shape factor (a), thermal to epithermal neutron flux ratio (f), the thermal and epithermal flux (u th , u epi ) as well as the full-energy-peak efficiencies (e c ). These parameters were determined in our previous work [4] .
Method of calculation
Determination of the reaction rate (R)
Determine the elemental concentration using INAA absolute method is completely depends on the reaction rate. Considerations concerning the relationship between the mass of an element and measured signal (peak area in the c-spectrum), are based primarily on the reaction rate (R) of an (n, c) reaction type measurement taking place in a thermal nuclear reactor. For the quantitative description of the reaction rate several conventions have been recommended, e.g. Westcott, Stoughton and Halperin, and Høg-dahl [5] . The INAA absolute method in this work was adopted based on the Høgdahl convention. According to Høgdahl convention the knowledge of neutron reactor parameters, including thermal and epithermal neutron fluxes at rotary racks of reactor is required to calculate reaction rates for the irradiated samples [6] . The (n, c) reaction rate per nucleus is described as follows [7] .
where G th is a correction factor for thermal neutron selfshielding, u th is sub-cadmium thermal neutron flux, r 0 is thermal neutron capture cross section at 2,200 m/s, G e is a correction factor for epithermal neutron self-shielding, u e is epithermal neutron flux per unit ln E, I 0 is the resonance integral for a 1/E spectrum, defined by the expression:
with E cd is effective cadmium cut-off energy, (=0.55 eV in standard condition). The resonance integral needs to be modified with an adeviated from ideal spectrum 1/E to non-ideal 1/E 1?a .
Therefore in real reactor situation the modified reaction rate can be written as:
Equations (1) and (4) are only valid on condition that the cross section varies proportionally with the inverse of the neutron velocity (m) i.e. r (m) µ 1/m up to *1.5 eV [7] .
The elemental concentrations based on INAA absolute method is given by the following expression.
where q is concentration of irradiated element (lg/g); N p is measured gamma net peak area (counts); t c is counting time; h is isotopic abundance of the target isotope N 0 ; M is atomic mass, (g mol -1 ); c is the c-ray abundance, i.e. the probability of the disintegration nucleus emitting a photon of this energy (photon.disintegration -1 ); S is saturation factor, S = 1 À e Àkt i , with t i irradiation time and k decay constant; D is decay factor; D = e Àkt d , with t d decay time; C is counting factor; C = ð1 À e Àkt c Þ=kt c , W is mass of irradiated element (g); e p is the photopeak efficiency of the detector, i.e. the probability that an emitted photon of given energy will be detected and contribute to the photo-peak in the spectrum, R is reaction rate
The uncertainty in elemental concentration determined by the absolute method can be estimated as:
where DW is uncertainty in mass of sample, DN p is the uncertainty in number of counting (statistical error). De is uncertainty in photopeak efficiency and DR is uncertainty in reaction rate associated with nuclear data and neutron flux parameters (e.g. a, f, u th , u epi ). The elemental concentration determined by the INAA relative method can be estimated as:
where a, s denoted analyte and standard respectively, w is mass of standard (g), W is sample mass (g)
The uncertainty in elemental concentration determined by the relative method can be estimated as:
Investigate the accuracy of the INAA absolute method 
where X exp and X cert are the experimental and certified value, respectively, r exp and r cert are the experimental and certified uncertainty respectively
Materials and methods
Geological features of the study area Peninsular Malaysia, also known as West Malaysia, is the part of Malaysia which lies on the Malay Peninsula. Its area is 131,598 km 2 (50,810 sq mi). It shares a land border with Thailand in the north; to the south with the island of Singapore; across the Strait of Melaka to the west lies the island of Sumatra (Indonesia). East Malaysia (on the island of Borneo) is to the east across the South China Sea. Peninsular Malaysia has been traditionally divided into three structure zones: the West, Central and Eastern Region. The Central Region covering mainly central Pahang and Johor is dominated by middle-upper Triassic flysch-like rocks, which are thought to represent a fore-arc ''accretionary'' complex. Eastern Region is characterized by a volcanoplutonic arc during Permo-Triassic time. The deep marine basin underlying the central province is filled with flysch and associated rhyolitic/andesitic volcanism, alternating carbonaceous shale, siltstone, and volcaniclastics [9] .
Granite is the major type of igneous rock that is abundantly available in Peninsular Malaysia. The ages of the granites in Malaysia range from Permian to Cretaceous, with the majority of Triassic age. Granite batholiths in the East and West Region show a westward younger with age ranged of 270-255 million years of East and 240-220 million years of West, while the age of granite in Central Region ranged from 220 to 200 million years. Small granite bodies of late Cretaceous age occur in southern Peninsular in Johor and Melaka. Late Cretaceous granite has also been confirmed in the northern part of the Central Province [10] .
Sampling and sample preparation A total of 29 different types of rock samples were collected from road cuts and quarry sites. The collection of these samples was extended to different localities indicated in Fig. 1 as well as in Table 1 . The rock samples were pulverized/crushed and made to pass through a 63 lm mesh sieve. To remove moisture, the samples were dried at 100°C for 24 h and then carefully weighed using an electronic balance with a sensitivity of 0.01 mg [11] . Most of collecting rocks are granite. The collection of samples covered six states of Peninsular Malaysia are: Perak, Penang, Kelantan, Negeri Sembilan, Selangor and Johor.
Preparation standard solution for relative method
To calculate the elemental concentration by using the INAA relative method, standard for each element was prepared and it depends on the half-life of the nuclide of interest to avoid either overlapping between c-ray lines in c spectrum or c-ray line interference due to difference in sensitivity of neutron-nucleus atom interaction. Multielements standard solution code PTS 13 [contains Dy (10 ppm)] and PTS 17 [contains K (2,000 ppm) and Na (1,000 ppm)] were prepared for short lived radio-isotopes. Multi-elements standard solution coded RR1/5 and RR2/5 were prepared for medium and long lived radio-isotopes.
[contains U (10 ppm), Sm (10 ppm) As (10 ppm), La (10 ppm), Eu (2.00 ppm), Sc (8.00 ppm), Sb (8.00 ppm), Lu (8.00 ppm), Yb (8.19 ppm), Co (10 ppm), Hf (10 ppm), Th (20 ppm), Nd (40 ppm), Cr (80 ppm), Zn (100 ppm), Ce (100 ppm), Rb (100 ppm) and Ba (200 ppm)]. Approximately 0.15-0.20 g of each standard solutions were dropped onto *1 cm filter paper in vial and placed in an oven for 24 h at 60°C until dry, then vial was labeled and sealed.
Sample preparation for INAA An empty vial was chosen with 1 cm diameter and 3 cm length and then cut back to 1 cm length to avoid the volatilization of the samples during handling. The polyethylene vial was placed in 30 % HNO 3 over night after cutting to eliminate every contamination prior to sample irradiation. Approximately 0.15-0.20 g from each rock samples were transferred into polyethylene vial and sealed. Each sample was prepared in duplicate to ensure that the sample is completely homogenized and to cross-check errors that can happen during sample preparation. The overall results may also be used to gauge the precision of the applied analytical method. Each sample was attached with Au wire and Zr foil monitor to determine the neutron flux parameters simultaneously with the sample. In addition Au wire also used to correct for flux differences between each sample and standard or blank sample.
On irradiation with slow neutrons, 232 Th and 238 U can be converted to short-lived daughter products via the nuclear reaction: The samples were irradiated with thermal neutron flux at PUSPATI TRIGA Mark II research reactor for 6 h at RR with an average flux 2.15 9 10 12 n cm -2 s -1 at maximum thermal power of 750 kW.
The data were collected for various 238 U and
232
Th measurements after appropriate cooling time. After 3 days from the end of irradiation at RR, radionuclide of U, in each sample was measured at 10 cm from the detector. Th, radionuclide was analysed after 2-4 weeks of cooling time. The irradiated sample was measured using calibrated HPGe Canberra GC3018 detector with Genie 2000 software. The measurement time was 1 h for the first counting and 2 h for the second counting. The elemental concentrations have been calculated from experimental data using the formulae described in Eq. (5).
Analysis of CRM
In order to check the accuracy of the INAA absolute method, the neutron activation of CRM Soil-7 was carried out. Approximately 250 mg of Soil-7 sample was weighted in the vial after cutting to 1 cm length. The CRM sample was sealed in a plastic and enclosed in polyethylene vial and attached with (Au and Zr) monitor. And then irradiated with the sample with same irradiation conditions. The CRM Soil-7 was irradiated at RR for 6 h, and irradiated for 1 min at PTS (Pneumatic Transfer System) to determine Ba, Dy, Na and K. The samples irradiated at PTS were allowed to decay with an appropriate cooling time; samples were counted at 10 cm distance from the calibrated HPGe detector with counting time of 5-30 min. During the first period, after 3 days from the end of irradiation at RR, radionuclides of As, Sb, U, La, Sc and Sm in CRM sample was measured at 10 cm from the detector. Other radionuclides were analysed after 2-4 weeks of cooling time to cover the short, medium and large half-life of radionuclides [4, 6] . A large number of c ray spectra was collected for the irradiated CRM Soil-7. The measurement time was 1 h for first counting and 2 h for second counting.
Results and discussion
The evaluation of the accuracy for INAA absolute method was performed by analyzing CRM IAEA-Soil-7. Table 2 shows the experimental results of elements determined in IAEA-Soil-7 analyzed by absolute method. The ratio of experimental to certified value was between 0.96 (U) and 1.23 (Dy). The percentage ratio of most elements recorded value below 10 % except for Dy exceeded 20 %. This could be due to c energy interference of 165 Dy (94.7 keV, T 1/2 = 140 min) with the gamma line of 233 Th (94.7 keV, T 1/2 = 22.3 min), therefore, sample should counting after optimized decay time may be more effective [12] . Maximum relative standard deviation (RSD) was 18 % (Cr). All elements showed Z-score less than 1 except for Dy (1.36) and Sm (1.42). In the case of Sm, this arising probable from c-ray interference comes from Np-239 with c-ray energy at 103.7 keV or from Pa-233 with 103.8 keV gamma energy.
Elemental analyses of CRM Soil-7 was also measured using the INAA relative method and results were compared with those obtained using the INAA absolute method. Table 3 shows very good agreement between both methods with a total deviation from certified values of 5 % for absolute method and 7 % for relative method that reflected the applicability and accuracy of the INAA absolute method. Results obtained using the absolute method, in most cases, seemed to be more consistent than those obtained by the relative method as is clearly shown in Fig. 2 , which mean that the INAA absolute method can be used accurately for elemental analysis of uranium and thorium in various types of samples.
In this study the presence of uranium and thorium in the rock samples are calculated from 239 Np and 233 Pa respectively. Two gamma energy 228.2 and 277.6 keV from decay of 239 Np were used to analyze samples and calculate the concentration of uranium in rock samples. Nevertheless, most the final results for 238 U were taken from 227.6 keV peak, because of its high intensity in the cray spectra and is well resolved. On the other hand, the gamma energy 312 keV from the decay of 233 Pa was very clear in the spectra, so that used for the determination of thorium concentrations in samples. From Table 4 observed that Higher concentrations of 238 U and 232 Th in some of the samples collected may be attributed to geological areas consisting of granites and gneisses which contain higher concentrations of uranium series, (U-and Th-rich in granite).
From Table 4 and Fig. 3 , it is observed clearly that the concentration of 238 U and 232 Th for granite samples collected from south part of Malaysia especially Johor state are reasonable agreement with other sample collected from another states. However, it relatively considerably lower than other states, because the age of granite in Johor belongs to the Cretaceous (i.e. older granite). Similar finding was reported by Omar and Wan [14] for analyzed the granite rock of Johor state. Similar reason can mentioned for sample G19, granite collected from Noring, where the age of granite in this area also identified as Cretaceous [10] .
Moreover, the difference in 
Conclusions
This work have been discussed the concentration of 238 U and 232 Th present in different rock types by using the absolute method of neutron activation analysis. It can conclude that the INAA absolute method had been successfully implemented and it appointed with good accuracy based on comparing with CRMs and relative method. Finally, based on the finding achieved in this work, the INAA absolute method can be applied to determine the elemental concentration in various types of samples
